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Abstract 

The 7 and 13-valent pneumococcal conjugate vaccines are mostly used in rou- 
tine infant immunizations to prevent the development of pneumococcal dis- 
ease. Currently, the dosing schedule approved and recommended for PCV7 and 
PCV13 in infants is 3 primary doses followed by a booster dose in the second 
year of life. However, a number of countries use a 2-dose only primary series 
with a booster dose in the second year of life. This review is aimed at provid- 
ing the reader with a broad perspective on the currently available evidence which 
supports the clinical use of such reduced dosing schedules for the PCV7 and 
PCV13 vaccines. Recent evidence has been able to promulgate the immuno- 
genicity and in some cases the effectiveness of the reduced dosing schedule 
for these vaccines. These findings may reduce costs as well as minimize supply 
and administration problems relating to the provision of the pneumococcal con- 
jugated vaccines (PCVs). However, some caution is warranted since some infe- 
rior data have emerged with regards to the antibody immune response to cer- 
tain pneumococcal serotypes following the implementation of such reduced 
dosing regimens. In addition, it is proposed that prospective surveillance be 
undertaken in all countries which have adopted the reduced-dosage immu- 
nization programs. This review may go some way in educating healthcare prac- 
titioners and healthcare policy decision makers at large. 
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Introduction 

Streptococcus pneumoniae (S. pneumoniae) has been implicated as an 
important cause of otitis media, sinusitis, pneumonia, and invasive pneu- 
mococcal diseases (IPD) such as meningitis, bacteremia, and bacteremic 
pneumonia [1]. Streptococcus pneumoniae is a major cause of morbidity 
and mortality worldwide, in young children, individuals with chronic car- 
diopulmonary disease, the elderly, and immunocompromised individuals 
of all ages [2-5]. As a result, the prevention of pneumococcal disease is an 
important public health care goal. 

The 7 and 13-valent pneumococcal conjugate vaccines are used com- 
monly in routine infant immunizations to prevent the development of 
pneumococcal disease. In the USA and in Europe, the 7-valent pneumo- 
coccal conjugate vaccine (PCV7) is licensed for use among infants. In Feb- 
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ruary 2010, the Advisory Committee on Immuniza- 
tion Practices (ACIP) issued recommendations for 
the usage of a newly licensed 13-valent pneumo- 
coccal conjugate vaccine (PCV13) [6]. PCV13 con- 
tains the seven serotypes in PCV7 (4, 6B, 9V, 14, 18C, 
19F, 23F) and six additional serotypes (1, 3, 5, 6A, 
7F, 19A). PCV13 was licensed by European Medi- 
cines Agency (EMA) in the year 2009. This vaccine 
is approved for use in children aged between 
6 weeks and 59 months and is considered by many 
health care practitioners as a successor to PCV7. 

There is much evidence to show that the devel- 
opment of conjugate vaccines and their adoption 
within routine childhood immunization programs 
has presented a major step forward in preventing 
invasive pneumococcal disease. Whilst this is an 
important advancement, there is still much discus- 
sion about the exact immunization schedules which 
should be followed to prevent the occurrence of 
invasive pneumococcal disease. In some countries, 
infants below 6 months of age receive their first 
primary dose of PCV7 or PCV13 followed by two 
additional primary doses of the same vaccine at 
intervals of approximately 2 months. These primary 
doses are then followed by a fourth booster dose 
in the child's second year of life [2]. In such coun- 
tries, the ACIP adopted the manufacturers' recom- 
mended schedule since the pre-licensure develop- 
ment program for PCV7 did not include studies to 
assess the immunogenicity of a 2+1 reduced dosage 
schedule [6]. However, in a number of other coun- 
tries, a reduced 2-dose schedule (2+1) for this vac- 
cines has been adopted [7-9]. 

Recent evidence has been able to promulgate 
the effectiveness of the 2+1 reduced dosing sched- 
ule for PCV7. Similarly, current relevant reports indi- 
cate that a reduced 2+1 dosing schedule for PCV13 
may also be effective. However, the number of 
reports indicating the latter is scarcer. This review 
is aimed at providing the reader with a perspective 
on the currently available evidence which supports 
the clinical use of reduced 2+1 dosing schedules for 
PCV7 as well as PCV13. To this end, an extensive 
systematic literature review was undertaken per- 
taining to the immunogenicity and effectiveness of 
the reduced-dosage regimens of PCV7 and PCV13. 
Information was collated from: expert-opinion arti- 
cles located within EMBASE, PubMed and The 
Cochrane Library; additional information obtained 
from article reference lists; and from the Internet. 

This review is aimed at informing the reader 
about whether pneumococcal immunization sched- 
ules may be simplified and yet still ensure effective 
immunity. This issue has remained of interest to 
some medical practitioners since the routine child- 
hood vaccination schedule in many countries is 
becoming increasingly crowded. The number of vac- 
cine injections that infants must receive as well as 



the associated costs has slowed the immunization 
rate in many geographical areas [7]. Such knowl- 
edge may also be used in preventing a potential 
shortage in the supply of the pneumococcal con- 
jugate vaccine. The latter has been shown to great- 
ly influence the type of dosing regimen which is 
used [10-13]. This review may also go some way in 
defining vaccination policies which are used in 
areas of the world which have not yet introduced 
the vaccine routinely. Furthermore, it may also edu- 
cate medical personnel who may be confused by 
seemingly conflicting advice relating to vaccine 
schedules. In addition, this article may also shed 
some light on the processes which have been used 
for evaluating the efficacy and safety of the pneu- 
mococcal vaccines. 

7-valent pneumococcal conjugate vaccine 
(PCV7) 

Immunogenicity of the reduced-dose schedule 
in children 

A number of reports have been published which 
investigated the immunogenicity following a 2+1 
reduced dosage regimen and compared the results 
with a 3+1 dosage schedule for PCV7. The studies 
are summarized in Table I. 

Rennels et al. assessed the IgG antibody titer 
response when healthy 2-month-old infants were 
immunized with the PCV7 vaccine [16]. Employing 
an open-label, self-controlled study with a cohort 
study group of 212 subjects, the investigators 
showed that serotype-specific IgG GMC values for 
serotypes 6B, 9B and 23F were lower for the abbre- 
viated PCV7 schedule compared to after three pri- 
mary doses. 

Ekstrom etal. employed an open-label, self-con- 
trolled study design (n = 56) to assess serotype- 
specific IgG GMC values after two and three pri- 
mary doses of PCV7, respectively [17]. They reported 
that antibody responses following two doses were 
generally lower than after three doses for serotypes 
6B and 23F. 

The immunogenicity and safety of PCV7 used in 
a 2+1 immunization schedule (3, 5, 11 months) were 
also studied in pre-term infants (PT). Esposito et al. 
conducted a study in which 92 infants were 
enrolled in an open-label, uncontrolled clinical study 
[18]. An antibody titer concentration > 1.0 ug/ml 
was usually reached after the third dose. Impor- 
tantly, by comparing previously published results 
obtained with the 4-dose schedule, the authors 
were able to show that the reduced 3-dose sched- 
ule was comparable in terms of immunogenicity 
[16, 19-22]. 

In 2005 Kayhty et al. published the results of 
a study which aimed at assessing the immuno- 
genicity of PCV7 [23]. The primary vaccination con- 
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Table I. Summary of studies relating to immunogenicity of pneumococcal vaccines administered according to a 2+1 
or a 3+1 schedule 



Study design 


Number 
of subjects (n) 


Dose 
assessed 


Results 


Reference 


Open-label 
self-controlled 


212 


Primary 


Serotype-specific antibodies towards 6B, 9B 
and 23F lower in 2+1 compared to 3+1 schedule 


[16] 


Open-label 
self-controlled 


56 


Primary 


Serotype-specific antibodies towards 6B 

and 23F lower in 2+1 compared to 3+1 schedule 


[17] 


Open-label 
uncontrolled 


92 


Primary 


Similar serotype-specific antibodies 
in 2+1 compared to 3+1 schedule 


[18] 


Open-label 
uncontrolled 


99 


Primary; 
booster 


Serotype-specific antibody towards 6B lower 
in 2+1 compared to 3+1 schedule 


[23] 


Randomized 
controlled 


775 


Primary; 
booster 


Serotype-specific antibodies towards 6B, 14 
and 23F lower in 2+1 compared to 3+1 schedule 


[24-26] 


Open-label 
uncontrolled 


250 


Primary; 
booster 


Serotype-specific antibodies towards 6B 

and 19F lower in 2+1 compared to 3+1 schedule 


[27] 


Open-label 
uncontrolled 


321 


Primary 


Serotype-specific antibodies towards 6B 

and 23F lower in 2+1 compared to 3+1 schedule 


[28] 


Randomized 
controlled 


367 


Primary; 
booster 


Serotype-specific antibodies towards 6B, 18C 
and 23F lower in 2+1 compared to 3+1 schedule 


[7] 


Non-inferiority 


ND b 


Primary; 
booster 


Direct comparison of PCV7 and PCV13; slightly lower 
serotype-specific antibodies towards 6B and 23F 


[44] a 



"Authors of the report are not disclosed, b ND denotes not documented 



sisted of 2 doses (administered at 3 and 5 months 
of age) and a third booster dose given at 12 months 
of age. Kayhty et al. concluded that PCV7 was 
immunogenic when given in the abbreviated sched- 
ule. Importantly, the results suggested that the 
pneumococcal antibody concentrations following 
primary as well as booster doses were comparable 
to the results which were obtained with the 4-dose 
schedule. 

Russell etai investigated several pneumococcal 
vaccination strategies for resource-poor countries 
using a randomized controlled clinical study [24- 
26]. The cohort group consisted of healthy Fijian 
infants and the investigators showed that two pri- 
mary doses of PCV7 achieved GMC levels which were 
lower for serotypes 6B, 14, and 23F compared to 
the 3-dose primary schedule. However, the investi- 
gators reported that this difference was small. In 
2010, the same authors showed that the immune 
response towards all serotypes following a 2 or 
3 primary series was not statistically different but 
that again the immune responses were lower for 
serotypes 6B, 14, and 23F following the abbreviat- 
ed immunization schedule. 

In an open-label, uncontrolled study, Rodenburg 
et al. evaluated the immunogenicity of PCV7 fol- 
lowing a 2+1 or 3+1 dosing schedule [27]. The 
authors reported that for serotypes 6B and 19F, sig- 
nificantly lower antibody levels were reported for 
the reduced dosage regimen compared to the 3+1 
dosing schedule. 



By undertaking various open-label uncontrolled 
clinical studies, Goldblatt et al. investigated the 
immunogenicity of 2+1 PCV7 dosing schedules [28]. 
The authors showed that the immune response for 
serotypes 6B and 23F was lower for the abbreviat- 
ed PCV7 schedule compared to subjects who had 
received 3 primary doses. 

Givon-Lavi etai used randomized controlled tri- 
als to design and compare the immune response in 
healthy infants following a two-dose and a three- 
dose primary series [7]. The proportion of subjects 
enrolled in the study who received post-primary 
serotype specific IgG antibody concentrations > 0.35 
ug/ml was significantly greater after three primary 
doses for serotypes 6B, 14, 18C and 23F compared 
to two primary doses. Post-booster analysis further 
revealed that serotype-specific IgG GMC values were 
significantly greater for serotypes 6B, 18C and 23F in 
the 3+1 group compared to those in the 2+1 group. 

For all the studies mentioned above, the immune 
response following primary doses for the 2+1 or 3+1 
PCV7 dosing schedules were generally similar for 
serotypes 4, 9V, 14, 18C and 19F. However, nearly all 
of the literature indicated that post-dose two 
response rates, as well as IgG GMC values, for 
serotypes 6B and 23F were significantly lower com- 
pared with post-dose three responses. Furthermore, 
an analysis of antibody values following the booster 
dose generally indicates that the abbreviated dos- 
ing schedule of PCV7 achieves comparable antibody 
levels to those achieved with a 3+1 dosing schedule. 
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Effectiveness of the reduced-dose schedule 
(2+1) in children 

There is compelling evidence which confirms the 
clinical efficacy of the reduced dosage schedule in 
the USA, Canada and Europe. This section of the 
review presents a summary of the reports which doc- 
ument the effectiveness of the reduced-dosage reg- 
imen (2+1). The studies are summarized in Table II. 

In Canada, a 7-valent pneumococcal conjugate 
vaccine was licensed for use in 2001. A case-control 
study on vaccine effectiveness (VE) against IPD was 
conducted. The investigators reported that in Cana- 
da the effectiveness of the 2+1 dosing schedule for 
PCV7 was 100%, which is similar to the 3+1 dosing 
schedule for the same vaccine [29, 30]. 

The effectiveness of the reduced-dosage 2+1 reg- 
imen for PCV7 was estimated in a retrospective 
matched case-control study [31]. The investigators 
determined that the abbreviated 2+1 PCV7 dosage 
regimen resulted in 98% effective immunity against 
vaccine serotype-related invasive pneumococcal 
disease. The authors concluded that this result was 
comparable to that obtained with a four-dose PCV7 
vaccination series. 

In Denmark, the Danish Childhood Vaccination 
Registry used surveillance and vaccine uptake data 
to estimate the effectiveness of the reduced-dosage 
schedule for PCV7 [32]. The authors reported that 
the administration of PCV7 was followed by 
a marked decline in the incidence of IPD in both 
vaccinated and non-vaccinated individuals. The 



results were comparable to those previously 
obtained with the 3+1 dosing regimen for PCV7. 

A government-sponsored reduced-dose PCV7 
vaccination program was also introduced in Italy 
[33, 34]. Statistically significant declines were seen 
in all-cause pneumonia, pneumococcal pneumonia, 
and otitis media between the cohorts. The observed 
significant reduction in pneumococcal disease was 
non-inferior to that observed with the 3+1 dosing 
schedule [35-37]. 

In 2006, a compulsory, free-of-charge, reduced- 
dose PCV7 vaccination program was introduced in 
Poland. Patrzatek era/, investigated the influence 
of pneumococcal vaccination on the radiologically 
confirmed pneumonia admission rates in the hos- 
pital [8]. The results compare well with the 3+1 
PCV7 dosing schedule [35-37]. 

The PCV7 vaccine was introduced into the rou- 
tine childhood immunization program of the UK in 
2006. The vaccine is given as a 3-dose schedule at 
2, 4 and 13 months of age. Since the vaccine was 
introduced, there has been a marked reduction in 
the rate of cumulative increase of IPD cases caused 
by the 7 serotypes in PCV7 [38]. Whilst the early 
estimate of VE was 84%, the paper highlighted that 
protection against serotype 6B was reduced and 
serotype replacement was also evident. The inves- 
tigators also indicated that VE of the reduced- 
dosage schedule for PCV7 is expected to increase 
once the impact of the booster dose is taken into 
consideration. 



Table II. Summary of studies relating to the effectiveness of pneumococcal vaccines administered according to a 2+1 
or a 3+1 schedule 



Study design 


Target population 


Results 


Reference 


Surveillance of hospital 
discharge records 


Children aged 
< 5 years 


High child immunization coverage; 

2+1 dosing schedule offered 100% effective immunity 


[29, 30] 


Retrospective matched 
case-control study 


Children aged 
3-59 months 


2+1 dosing schedule offered 98% effective immunity 


[31] 


Surveillance of vaccination 
registry 


Children aged 
< 5 years 


Decline in IPD following the 2+1 schedule similar 
to results obtained with the 3+1 dosing regime 


[32] 


Surveillance of hospital 
admissions 


Children aged 
< 2 years 


Significant decline in pneumococcal disease following 
the 2+1 schedule which was non-inferior compared 
to the 3+1 dosing schedule 


[33, 34] 


Surveillance of radiologically 
confirmed pneumonia 
admission rates 
in a hospital 


Children aged 
< 5 years 


Significant decline in pneumonia hospitalization rates 


[8] 


National surveillance 


Children aged 
< 5 years 


Significant decline in IPD cases; reduced protection [38] 
against serotype 6B and evidence of serotype replacement 


National surveillance 


Children aged 
< 2 years 


Vaccine serotype-related IPD decreased by 86% 


[16, 39*] 


National surveillance 


Children aged 
< 5 years 


High vaccine coverage and low IPD incidence rates; 
vaccine effectiveness estimated at 74% 


[40] 



'Authors of the report are not disclosed 
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The Belgian national immunization program 
began in 2007 with a 2, 4, 12 vaccination schedule 
[39]. Surveillance reports compiled by the Belgium 
Public Institute of Health indicate that the incidence 
of vaccine serotype-related IPD in children < 2 years 
of age decreased by 86% [16]. 

In Norway, a national immunization program for 
PCV7 was implemented in July 2006. The immu- 
nization program follows a 3-dose schedule given 
at 3, 5 and 12 months of age. Cases of IPD were sur- 
veyed and Vestrheim et al published the results of 
this surveillance and reported a decrease in IPD in 
all age groups under the age of 5 years [40]. Fur- 
thermore, the incidence of IPD and vaccine serotype 
IPD was reported to have declined significantly in 
almost all age groups. Notably, the effectiveness of 
the vaccination program in children aged < 2 years 
was 74% [40-42]. 

The studies mentioned above indicate that the 
2+1 dosing schedule for PCV7 is effective in immu- 
nizing against invasive and non-invasive pneumo- 
coccal disease. This is especially the case in coun- 
tries which are characterized by good primary series 
uptake, compliance, and implementation of a catch- 
up program in the older infant or children popula- 
tion groups. Undoubtedly, long-term prospective 
surveillance programs need to be maintained in 
order to determine the long-term beneficial effects 
of the reduced-dose PCV7 schedule. 

13-valent pneumococcal conjugate vaccine 
(PCV13) 

Immunogenicity data from the PCV13 clinical 
development program 

For the 7 common serotypes in PCV13 and PCV7 
(4, 6B, 9V, 14, 18C, 19F, 23F), it is already known that 
PCV13 is comparable to PCV7 when administered 
in a 3+1 dosing schedule [43]. Since PCV7 has been 
documented to be effective when given in a 2+1 
dosing schedule, a few studies have compared the 
immunogenicity data when PCV13 and PCV7 are 
given in accordance with this dosing regimen [8, 9, 
12, 19]. 

To the best of our knowledge, only two non-infe- 
riority clinical trials have been undertaken in order 
to assess the immunogenicity responses following 
a 2+1 dosing schedule of the PC VI 3 and PCV7 vac- 
cines [44]. For the 2 primary doses of PCV13, slight- 
ly lower polysaccharide-binding antibody titer con- 
centrations were obtained for serotypes 6B and 23F, 
whilst the immune response for the remaining 
5 serotypes was comparable between the two vac- 
cines. For the 7 common serotypes in PCV13 and 
PCV7, similar immune responses were obtained fol- 
lowing completion of the 2 primary doses and the 
booster dose. Thus, it is tentatively expected that, 
for the 7 common serotypes, the clinical efficacy of 
PCV7 and PCV13 will be similar. 



For the 6 additional serotypes, the percentage 
of infants achieving a clinically effective antibody 
threshold concentration > 0.35 ug/ml after the sec- 
ond dose ranged from 79.2% to 98.5%. Post-boost- 
er antibody GMC levels in a 2+1 schedule were com- 
parable to those achieved with a 3+1 schedule. 
These results indicate that PCV13 can be given safe- 
ly and effectively in a reduced-dosage schedule. This 
strategy could provide protection against a broad- 
er spectrum of pneumococcal serotypes as well as 
improving herd immunity. 

Conclusions 

Some countries have adopted the 3+1 dosing 
schedule for PCV7. However, as shown above, clin- 
ical data are now available which demonstrate that 
PCV7 can be safely and effectively administered in 
a reduced 2+1 dosing regimen. With regards to 
PCV13, the manufacturer's recommended dosing 
schedule is also 3+1. The immunogenicity data 
which have been obtained for PCV13 following two 
primary doses as well as after a third booster dose 
tentatively indicate that this vaccine may be admin- 
istered safely and effectively in a reduced-dosage 
schedule. We propose that administering the PCV 
in a reduced-dosage regimen is advantageous to 
the alternative 3+1 dosing regimen and that indeed 
this should be adopted by the countries who have 
implemented the latter regime. However, some cau- 
tion is warranted since some inferior data have 
emerged with regards to the antibody immune 
response to certain pneumococcal serotypes. The 
reduced-dosage regimen may go some way in 
reducing costs as well as minimizing supply and 
administration problems relating to the provision 
of the pneumococcal conjugated vaccines. Nonethe- 
less, caution is warranted since a reduced dosing 
regimen could result in compliance failures having 
a larger than expected effect on population immu- 
nity. However, such concerns relating to compliance 
may need to be investigated thoroughly in order to 
reach firm conclusions. Furthermore, it is notewor- 
thy that prospective continued surveillance of the 
occurrence of invasive pneumococcal disease 
should take place in all countries which have adopt- 
ed PCV immunization programs in order to fully 
clarify the clinical influence of the PCV reduced- 
dosage regimen on pneumococcal-induced mor- 
bidity and mortality. This would allow for the detec- 
tion of any increase in the rate of vaccine failure 
with either regimen and may in turn educate med- 
ical practitioners and healthcare policy decision 
makers. 
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